Abstract. Determined by the nature of the mechanical product, there is plenty of room for the application of value engineering in the design process. However, the application of value engineering is too theoretical, and practical guiding significance has great limitations. In this paper, through introducing the Motivation-Hygiene Theory to function evaluation link of value engineering, we classify the functions into hygiene and incentive, evaluate and get the linear sum of the total function evaluation. Then judge the value. Finally, the example of an enterprise is described to fully verify its validity.
Introduction
Mechanical product design generally can be divided into four stages: product planning stage, scheme design stage, the detailed design stage and construction design stage [1] . Among them, the scheme design is a very important phase of product design. 70% ~ 80% of the product design cost is determined by the scheme design phase, so it plays a key role in the design. However, the merit of the product design is determined by evaluation standard, therefore, it is very important to evaluate the plan and the decision-making.
Related theories

Value engineering
Value engineering [2] , is first pioneered by Lawrence D. Miles in the 1940 s, referring to the lowest cost to achieve certain necessary functions, and it is dedicated to the function analysis of organized activities. The goal is to achieve the reliable products and services functions with the lowest cost. In the value engineering, the relationship among these three elements is V = F/C. V is value, and F is function, which are the product properties that meets some demand of the users. C is the cost among product life cycle, which indicates the fees that the user should pay in order to obtain the features of the product in the whole product life cycle.
At present, the application of value engineering in the field of mechanical [3] [4] [5] [6] [7] , is mainly for product design tasks. There are a variety of design alternatives to choose from. The technical personnel calculate the value of solutions by evaluating function and estimating the cost of the scheme. In addition, for a single set of equipment, the value engineering can be used to analyze the value of each part of the equipment and make innovation design to the local parts with high cost and low function.
But the above aspects about the value engineering are merely superficial. They are too general to evaluate the function, and don't view at users' perspective. The classification of functions isn't analyzed in-depth. Thus the calculated value has deviation. The details are as follows:
According to the definition, the relationship in the function image between the function of the value engineering and its value is shown in figure 1 [8] . In figure 1 , the abscissa is function (F), and the ordinate is cost (C). Curve C1 is the use-cost during the product life cycle, and curve C2 is the product production cost. Curve C is the sum of the above two, and it means the total cost. Among them, A is the lowest point of curve C, and it is the minimum point of total product cost while the corresponding function value is F0. B is the outer tangency point of curve C and it is konwn to be the maximum point of the product value through analyzing. Ft is the corresponding function value. We considered D is the most outer endpoint of the curve. What we can know is as follows:
1) In the process of value analysis, AD is the only curve segment which is significance for the function of curve C. When the cost is the same, providing more function is preferred to providing less. Section AD is divided into three parts with two special points: point A and point B. A is the lowest cost point and B is the maximum value point. Section AB means the lower cost the better to meet the function need. Section BD means the pursuit of multi-functional at high cost.
2) The relationship of image function is only a theoretical guidance.
To solve above problems, we combined the Motivation-Hygiene Theory and the method of function evaluation.
The Motivation-Hygiene Theory
The Motivation-Hygiene Theory was proposed by an American behavioral scientist called Fredrick Herzberg. There are mainly two work motivation factors in Motivation-Hygiene Theory. One is the hygiene factor and the other is the incentive factor. Incentive factor can satisfy people, and hygiene factor can eliminate the discontent of people.
There is a misunderstanding about the Motivation-Hygiene Theory that the hygiene factor means simple basic functional requirements, and incentive factor is high-level and complex functional requirements. To make sure the requirement is hygiene or incentive, we should analyse specific issues depending on the situation about different products.
The evaluation model of Value engineering
From the basic principle of value engineering, we add the Motivation-Hygiene Theory to the evaluation mechanism, and set up a value engineering evaluation model about the mechanical product design.
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The value evaluation based on the Motivation-Hygiene Theory
The Motivation-Hygiene Theory [9] is devoted to analyse the behavior of employees, and it is widely used in the salary system design. As mentioned in this paper, there is no distinction between the necessary function and the unnecessary function in the value engineering evaluation system at present. So, it is useful to combine the Motivation-Hygiene Theory and the function evaluation of value engineering.
After combined them, we can find that the hygiene factor in the Motivation-Hygiene Theory is the same as the necessary function in function requirements. Users may not pay for the product, although it has the necessary function. If the product doesn't have, we certainly don' t buy it. The incentive factor is the same as the unnecessary function. If the product provides some special function, customers may be more willing to buy it. And if there is no new function in the product, people may still buy it.
Therefore, in the process of function analysis and function evaluation, it is necessary to classify hygiene factor and the incentive factor. Evaluate them separately, and form the general function evaluation to calculate the cost of product life cycle. At last, evaluate the value.
Value evaluation model
(1) The evaluation of function value and cost value are defined as:
(2) Function evaluation. We firstly analyse the weight of evaluation index which quantifies the function of products. Then the evaluation indices are divided into two types: hygiene and incentive.
1.) Index weight assessment [10] . Let be the evaluation of products, the weight matrix of evaluation index obtained from statistics result, can be expressed as   12 ,, n v v v . As shown in Table. 1: 
The influence between evaluation index is given as matrix-one,a s shown in Table. 2.The influence weight is obtained by the cumulative sum, and is defined as: 
where denoted the factor that object i effects on j. 
After calculated the comprehensive weights of indicators, we got the comprehensive weight
(1 ) 1, 2,
2.) The evaluation of single function. The score of products is not a linear relation according to the Motivation-Hygiene Theory. The relationship is shown in Fig.2 . According to the study of literature [11] [12] [13] , the weight of hygiene function 1 w  and the weight of incentive function 0.6 w 
.So the formula of the comprehensive function is as follows:
(3) Cost evaluation. The cost includes the cost of technology and life cycle cost. Calculate them separately.
(4) The formula V = F/C is used to obtain the value evaluation.
The process of value evaluation
(1) Determine the object of value evaluation, and analyse the function to determine the function evaluation indexes.
(2) Obtain the functional evaluation index weight. 
Value evaluation method based on the Motivation-Hygiene Theory
The determination of evaluation index
We establish the evaluation index system of mechanical product design according to the product design-work instructions, the function analysis and classification, and the principle of evaluation. The hygiene and incentive function of the evaluation target are classified. As shown in Fig.3 : Figure 3 . The classification of the evaluation.
The determination of each evaluation index weight
(1) Nine scale method was used to give mark to the evaluation index according to its influence in mechanical product design. Using Analytic Hierarchy Process (AHP) to obtain the eigenvectors and eigenvalues, and check the consistency. Then the weight of index significance
(1) i  was got.
(2) Second, using nine scale method to score the evaluation index according to the interaction between each evaluation index. After getting the interaction matrix, the influence weight 
Product function evaluation
The Bid Evaluation Committee gives mark to the function of evaluation index. According to the design of the product, they make the corresponding grading principle and grade the evaluation index. So we can get the score i F , which is the corresponding function of each evaluation index. Then calculate the score of total function.
Product value evaluation
We adopt the function index method to calculate the value coefficient of each scheme. The value coefficient ( 
Example
There is a enterprise which needs an automatic punch in Yangjiang. The specific task is to design an auxiliary machine and the specification of the wafer stamping part is 20 mm x 200 mm.
The evaluation target
After function analysis, the task is classified into hygiene function and incentive function. 
Calculate the index weight of function
and it has the satisfactory consistency. The weight (1) [ life  safety  0  2  0  5  3  3  accuracy  3  0  5  3  5  3  rate  5  5  0  3  3  3  operability  5  0  0  0  3  2  maintenance  0  0  0  2  0  3  life  3  0  0  3  2  0 The weight (2) [0.0844,0.2657,0.3014,0.1963,0.0237,0.1284]
Considering both weight have equal importance, we set  = 1/2. Hence, 
Calculate the score of single function
There are three plans for the task. A: the primary operation plan of the enterprise; B: the plan that uses the professional manipulator to reform the primary plan; C: the original plan which is designed according to the principle of mechanical design. Safety, accuracy, rate, operability, maintenance, and life are the evaluation indexes. According to the research on the related machinery and equipment, we establish the first, secondary and tertiary grade assessment indicator. We formulate the minimum score of the hygiene function to be 60. Plan C is an original design, so we use the Automatic Dynamic Analysis of Mechanical Systems (ADAMS) to test it and get the data as accurate as possible. The functional score matrix as shown in table 5. Compute the function coefficient, cost coefficient and value coefficient 
Conclusion
The Motivation-Hygiene Theory is used to evaluate the function of the products in this paper. The necessary and unnecessary functions are classified. Convert the hygiene and incentive function and get the score of comprehensive function by using the method of linear summation. The final value solutions are obtained. The practice proves that the scheme is reasonable, and the method is effective. This method provides a reference to the other products design.
